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Abstract
Objective: It is to determine whether minimally invasive mitral and tricuspid valve surgery through lower ministernotomy
improved postoperative outcome when compared to the conventional surgery through total sternotomy. The comparison included:
intraoperative time parameters, postoperative complications, intensive care unit and hospital stays, postoperative echocardiography,
and in-hospital mortality rate.
Patients and methods: Between September 2013 and August 2015 a total number of 41 patients, who underwent mitral and
tricuspid valve operations (mitral valve replacement with or without tricuspid valve repair) in Cairo University as well as one of the
ministry of health hospitals were included in this study. Of these patients: 19 cases were operated upon via inverted L shaped partial
lower sternotomy (Group I) and 22 cases received conventional sternotomy (Group II).
Results: There was no statistically significant difference between the two groups in terms of cross clamp time, cardiopulmonary
bypass time; however the total procedure time was in favor of the conventional approach. There was a statistically significant
difference between the two groups regarding the amount of chest tube drainage, and the need for blood transfusion which was lower
in the ministernotomy group. There was a statistically significant difference between the two groups in the ventilation time in favor
of the ministernotomy group. The study showed no statistically significant difference in mortality rate between the two groups.
Conclusion: Ministernotomy approach for mitral and tricuspid valve surgery is a safe and feasible technique. This technique
provides many advantages such as smaller incision with traditional exposure and familiar instruments, decreased amount of
postoperative bleeding, need for blood transfusion and decreased duration of ventilation time.
Copyright © 2016, Publishing services by Elsevier B.V. on behalf of The Egyptian Society of Cardio-thoracic Surgery. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Full median sternotomy has been the standard approach for most cardiac operations since the beginning of cardiac
surgery in the 1950s as it permits the best way for exposing and dealing with the heart and nearby structures. However
this approach is compromised by “surgical aggressiveness” in the form of postoperative bleeding, wound infection,* Corresponding author. Department of Cardiothoracic Surgery, Cairo University, 15 Abdelkhalek Azzoz Str., Alharam, Giza, Egypt. Tel.: þ20
1006246611.
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compromising the results of mitral valve repair or replacement represent some of the rationale for minimally invasive
procedures [4]. An ideal minimally invasive approach must permit an access to all cardiac areas with minimum need
for highly specialized equipments, moreover, it must provide an advantage of rapid return of the patient to normal
activities [5]. Lower ministernotomy provides a traditional exposure of the heart through smaller incision with the use
of familiar equipments. It also preserves the continuity of the shoulder girdle which in turn improves postoperative
respiratory mechanics and allows rapid recovery of the patient and early return to work [6]. The objective of this
randomized retrospective study is to determine whether minimally invasive mitral and tricuspid valve surgery through
lower ministernotomy improved postoperative outcome when compared to the conventional surgery through total
sternotomy including: intraoperative time parameters, postoperative complications, intensive care unit and hospital
stays, postoperative echocardiography, and in-hospital mortality rate.
2. Patients and methods
2.1. Patients and methods
Between September 2013 and August 2015 a total number of 41 patients, who underwent mitral and tricuspid valve operations
(mitral valve replacement with or without tricuspid valve repair) in Cairo University hospitals (Kasrelaini University Hospital,
Almaneal Specialized Hospital and French Hospital) as well as one of the ministry of health hospitals (Alzatoon Specialized
Hospital). Of these patients: 19 cases were operated upon via inverted L shaped partial lower sternotomy (Group I) and 22 cases
received conventional sternotomy (Group II). The pathology of the mitral valve disease in all the included 41 cases was rheumatic in
origin, with secondary moderate to severe tricuspid valve regurgitation in 11 patients of group I (58%) and 13 patients (60%) in group
II. Tricuspid valve repair was done in all cases by band annuloplasty using Dacron patch. In group II the mitral valve was accessed
transseptally in 18 cases (81%) and through standard lateral left atrial incision in the remaining cases. (see Fig. 2). There was no
statistical significance in the preoperative patient characteristics between both groups. In group I the age ranged between 51 ± 11.4
years as compared to 52 ± 12 years in group II. 10 patients (52%) were males and 9 were females (48%) in group I, while 11 patients
were males (50%) and 11 were females (50%) in group II. The preoperative LVEF was (52.3 ± 11.4) in group I and (53.1 ± 11) in
group II. The mitral valve lesion was predominantly regurge in 13 cases of group I (68%) and in 16 cases (72%) of group II. One
patient had diabetes mellitus in both group I (5%) as well as group II (6%). 7 patients (47%) and 10 (45%) patients had preoperative
atrial fibrillation (AF) in group I and group II respectively. Two patients in the group I (10%) had a preoperative chronic obstructive
pulmonary disease (COPD) as compared to three patients (13%) in group II.Mean pulmonary artery pressurewas (42± 12mmHg) in
group I and (45 ± 17 mmHg) in group II. Preoperative patient characteristics are shown in Table 1. (see Fig. 3)
2.2. Surgical technique of the ministernotomy approach
The patient was placed in the supine position and draped as for a classic sternotomy. Avertical skin incision 6e8 cm in length was
made in the midline over the lower sternum extending from one fingerbreadth distal to manubrio-sternal angle till one finger breadth
proximal to the base of the xiphoid process. The sternum was divided vertically in the midline from the xiphoid process till the 3rd
intercostal space and then at that point transversely to the right without disturbing the internalmammary artery using an oscillating saw.Fig. 1. Opening of the stenum through inverted L shaped incision till the 3rd intercostal space.
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used to separate the sternal edges. The pericardial sac was then opened from the diaphragm till near the aortic reflection superiorly.
Retraction stitches were now placed on the edges of the pericardial sac and attached tightly to the sternal retractor or to the skin to
elevate the heart anteriorly. Cardiopulmonary bypass (CPB) was established via the femoral artery or traditionally via the ascending
aorta as well as right atrium through bicaval cannulation. In our study 16 cases could be cannulated via the ascending aorta and right
atrium while in the remaining 3 cases cannulation of the femoral artery was necessary due to inadequate exposure of the ascending
aorta (with bicaval cannulation as usual). Myocardial protection was done through ante-grade administration of cold blood car-
dioplegia solution to the aortic root with systemic cooling to 32.The mitral and tricuspid valves were approached through right
atriotomy and transseptal approach. De-airing was done through the aortic root by active suction and cardiac filling. (see Fig. 1).
2.3. Statistical analysis
Statistical data were expressed as percent or mean ± SD. The statistical package used was Microsoft excel 7 computer program
(Microsoft cooperation, NY, USA). Univariate statistics were obtained using either an a2 analysis or a Fisher exact test. A sig-
nificant difference was indicated at p < 0.05.
3. Results
3.1. Intraoperative time parameters
The total procedure time in patients who underwent minimally invasive surgery was significantly longer than those
who underwent conventional surgery (4.7 ± 1.5 h, 3.5 ± 1.3 h respectively) with p value < 0.05. On the other hand
there was no statistically significant difference between both groups regarding the cardiopulmonary bypass time as
well as the cross clamp time (90 ± 11 min, 62 ± 9 min) in group I respectively as well as (87 ± 8 min, 61 ± 12 min) in
group II respectively. These data are expressed in Table 2.
3.2. Adverse postoperative events
Only one patient in group I (5%) and group II (4.5%) developed postoperative stroke with no statistical
significance. There was no statistical difference regarding postoperative re-exploration for bleeding between both
groups (bleeding from the right atriotomy incision in one patient of group I and bleeding from the sternal wire in
two patients of group II). However there was a statistically significant difference between both groups in the
amount of chest tube drainage as well as the need for postoperative blood transfusion in the favor of group I
(p < 0.05). In group I the amount of chest tube drainage was 560 ± 400 ml as compared to 860 ± 700 ml in group
II. Only 4 patients in group I (21%) needed blood transfusion postoperatively in comparison to 9 patients in group
II (41%). 2 patients (10%) developed superficial wound infection and no patient developed sternal instability inFig. 2. Mitral valve replacement through lower ministernotomy with ascending aorta and bicaval cannulation.
Table 1
Summary of preoperative data.
Preoperative data Group I (minsternotomy) Group II (full-sternotomy) P value
Age (years) 51 ± 11.4 52 ± 12 NS
Sex Males 10 (52%) Males 11 (50%) NS
Females (48%) Females (50%)
LVEF 52.3 ± 11.4 53.1 ± 11 NS
Predominant mitral regurge 13 (68%) 16 (72%) NS
Diabetes mellitus 1 (5%) 1 (4.5%) NS
Atrial fibrillation 7 (47%) 5 (45%) NS
COPD 2 (10%) 3 (13%) NS
Mean pulmonary artery pressure (mmHg) 42 ± 12 45 ± 17 NS
NS: not significant.
Fig. 3. Closure of the lower ministernotomy incision (in all photos the head is downwards).
Table 2
Summary of intraoperative time parameters.
Group I (minsternotomy) Group II (full-sternotomy) P value
Cross clamp time (min) 62 ± 9 61 ± 12 NS
CPB time (min) 90 ± 11 87 ± 8 NS
Total procedure time (hour) 4.7 ± 1.5 3.5 ± 1.3 significant
NS: not significant.
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instability in group II but with no statistically significant difference between the two groups. These events are
shown in Table 3.3.3. Early postoperative outcome
There was a statistically significant difference between the two groups in terms of duration of ventilation time
in favor of group I (p < 0.05). In group I the duration of ventilation was 8.5 ± 5 h as compared to 14 ± 8.5 h in
group II. In addition the lengths of ICU and hospital stay were lower in group I (1.8 ± 1.2 and 8.4 ± 2.3 days
respectively) as compared to those in the group II (2.5 ± 1.3 and 9.1 ± 2.5 days respectively) but without sta-
tistical significance.
Postoperative echocardiography showed satisfactory results in both groups with no statistical significance
regarding the incidence of paravalvular mitral leak or significant tricuspid regurge. No patient in both groups
developed significant paravalvular leak and only one patient in the group II had grade II tricuspid regurge after repair.
Table 4
Summary of postoperative early outcome.
Early outcome Group I (minsternotomy) Group II (full-sternotomy) P value
Ventilation time (min) 8.5 ± 5 14 ± 8.5 significant
ICU stay (days) 1.8 ± 1.2 2.5 ± 1.3 NS
Hospital stay (days) 8.4 ± 2.3 9.1 ± 2.5 NS
Significant paravalvular mitral leak 0 0 NS
Significant tricuspid regurge 0 1 (4.5%) NS
Hospital mortality 0 1 (4.5%) NS
NS: not significant
Table 3
Summary of postoperative complications.
Postoperative complications Group I (minsternotomy) Group II (full-sternotomy) P value
Stroke 1 (5%) 1 (4.5%) NS
Re-exploration for bleeding 1 (5%) 2 (9%) NS
Amount of chest tube drainage (ml) 560 ± 400 860 ± 700 significant
Need for blood transfusion 4 (21%) 9 (41%) significant
Superficial wound infection 2 (10%) 4 (18%) NS
Sternal instability 0 1 (4.5%) NS
NS: not significant.
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sided heart failure which did not respond to inotropic as well as IABP support and died shortly in the ICU. However
there was no statistically significant difference between the two groups in the mortality rate. Postoperative outcome
results are shown in Table 4.4. Discussion
The last decade showed a growing tendency for less invasive surgical techniques while maintaining surgical ef-
ficacy either through alternative or smaller incisions in an attempt to reduce surgical trauma, improve cosmoses and
minimize the risk of wound infection. This would be reflected on the length of functional recovery, duration of hospital
stay and amount of expected coasts. However, these techniques are minimally invasive for the patients and maximally
uncomfortable for the surgeons [7e9].
Our study showed a significant decrease in the amount of chest tube drainage and the need for postoperative blood
transfusion in group I (ministernotomy) when compared to group II (conventional full-sternotomy). However there
was no statistically significant difference between both groups in the incidence of reoperation for bleeding. We
consider that this decrease in the amount of chest tube drainage and blood transfusion is attributed to the smaller
incision and smaller exposed surface area in minimally invasive patients. These results correspond well to the con-
cepts of minimally invasive techniques and the results of Han-Song Sun et al., 2006 [6].
Our study showed a significant increase in the total procedure time with no statistically significant difference in
cross clamp time and CPB time between both ministernotomy and conventional groups. This represent the longer
time needed for the exposure and cannulation of the heart in the ministernotomy group and then similar steps after
initiating the CPB and applying the cross clamp in both groups. On the other hand, we found a significant decrease
in the postoperative ventilation time in the ministernotomy subset of patients as compared to conventional patients.
This may be attributed to preserved integrity of the sternoclavicular girdle and sternal stability as well as reduced
pain which in turn becomes reflected on respiratory mechanics and weaning from mechanical ventilation. The
lengths of ICU and hospital stay were lower in the ministernotomy group as compared to those in the conventional
group but without statistical significance which may be due to the relatively low number of included patients.
These findings are similar to those concluded by Modi et al [10] as well as the results of Davy et al. [8]. Also, we
did not experience a single case of wound dehiscence or sternal instability and this may be attributed to the intact
upper sternum.
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postoperative stroke. This may reflect the fact that de-airing was not compromised by the minimally invasive
approach. Moreover, there was no statistically significant difference between the ministernotomy and the conventional
groups in mortality rate. This result is similar to the study made by Modi et al. [10] but different from the result of
another study made by Gammie et al. [11] that showed a significant increase in the hospital mortality in patients who
underwent a minimally invasive MVS.
5. Conclusion
We concluded in our study that ministernotomy approach for mitral and tricuspid valve surgery is a safe and
feasible technique. This technique provides many advantages such as smaller incision with traditional exposure and
familiar instruments, decreased amount of postoperative bleeding, need for blood transfusion and decreased duration
of ventilation time. Further studies will be required for larger number of patients, long term follow up and need for
surgical re-intervention.
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